SUMMARY An enzyme-linked immunosorbent assay was used to titrate antisera raised against live cultures of eight type species (biotypes) of Bacteroides with the EDTA-released outer-membrane complex from 29 characterized strains of Bacteroides species. With only minor exceptions, the strains investigated reacted to titre with the antisera raised against the homologous type species and not against the heterologous type species. Cross-reactivity between heterologous species and antiserum was only significant between closely related biotypes. This cross-reactivity could be removed by absorption of the antisera with whole cells. Tabaqchali, 1978a) .
Most serological studies of Bacteroides have so far been limited to the sero-identification of selected species of Bacteroides by direct fluorescent antibody methods (Lambe and Jerris, 1976; Abshire et al., 1977) and direct agglutination methods (Lambe and Moroz, 1976; Elhag et al., 1977; Elhag and Tabaqchali, 1978a) . These studies were concerned with the 0-antigens of the strains in purified lipopolysaccharide (LPS) extracts or in preparations of heated or formalinised bacteria. Results suggest that there are a large number of serotypes within a given biotype (species or subspecies). The system is complex: the B. fragilis species alone includes 13 serotypes with different LPS antigens (Elhag and Tabaqchali, 1978a) .
There is much interest in the possible use of serological techniques for the titration of serum antibodies to establish the involvement of a Bacteroides species in an infection, or to show the normal levels of antibodies directed against commensal strains of Bacteroides in healthy or compromised individuals. Several attempts have been made, mostly by isolating the organism from an established infection and using it as a source of the antigen (eg, Danielsson et al., 1972) , or by using type cultures of the Bacteroidaceae as sources of antigen (eg, Quick et al., 1972; Rissing et al., 1974) . Many negative results were obtained from cases of proven infections involving identified Bacteroides species.
These studies all suffer from a basic lack of knowledge of the immunogenic structures of the Received for publication 18 October 1978 Bacteroides cell. There is an apparent need for an antigen preparation that is both immunogenic and representative of a group of Bacteroides (either species or biotypes) rather than an individual strain. The disadvantages of the LPS molecule are that it is poorly immunogenic and that the O-antigen serotypes are so numerous within a given species or biotype (Hofstad, 1977; Elhag and Tabaqchali, 1978a ). Kasper and co-workers have investigated the cell-surfaces of certain species of Bacteroides (Kasper and Seiler, 1975; Mansheim and Kasper, 1977) which appear to be typical Gram-negative organisms with an outer membrane and often a capsule. In a related study, Poxton and Brown (unpublished results) examined the outer membrane and associated proteins of several strains of Bacteroides by sodium dodecyl sulphate-polyacrylamide gel electrophoresis and showed that similar biotypes (species) of Bacteroides possess many common polypeptides in their surface layers.
The present study exploits the group specific antigenicity of the cell-surface outer membrane complex together with the sensitivity of the enzymelinked-immunosorbent-assay (ELISA) procedure to identify Bacteroides strains to species and subspecies level. Holbrook et al. (1977) .
GROWTH OF ORGANISMS AND PREPARATION OF ANTIGEN FOR ELISA
One millilitre of a 48-hour cooked meat broth culture (Watt, 1973) was used as an inoculum for 20 ml proteose peptone, yeast extract (PPY) medium (Holbrook et al., 1977) . After incubation at 37°C for 16 hours by the standard anaerobic procedure of Collee et al. (1972) Antisera were raised against whole live bacteria in New Zealand white rabbits which weighed about 2 kg. Five millilitres of blood were removed from each rabbit to provide control sera just before the first injection. Bacteria were cultured in 10 ml volumes of PPY medium, as described above, and washed three times in sterile PBS. They were finally resuspended in PBS to a concentration of 109 organisms/ ml. The rabbits received 1 ml injections of this suspension intravenously according to the following schedule, with freshly cultured cells: weeks 1 and 2, daily injections for three days; week 3, no injection; week 4, one injection; week 5, test bleed (5 ml) then two or three days later the rabbits were exsanguinated by cardiac puncture. Sera were stored at -20°C (modified from Kasper, 1976 melaninogenicus subspecies melaninogenicus and B. thetaiotaomicron. It was possible to identify almost all of these strains to species or subspecies level without difficulty, the cross-reactive strains reaching an end point several dilutions below the titre of homologous strains and antiserum. All the strains of B. fragilis reacted to the same titre as the type species (NCTC 9344) against homologous antiserum. Similarly, most of the other species, where several strains were available for testing, reached titre with the antiserum raised against its type strain. Notable exceptions were B. distasonis (GNAB 26), which failed to react with its type strain antiserum but reacted significantly with B. thetaiotaomicron antiserum, and two strains of B. melaninogenicus ss. melaninogenicus (ATCC 15930 and WPH 62), which reacted only weakly with the antiserum raised against the type strain. In the latest VPI anaerobe manual (Holdeman et al., 1977) it is stated that ATCC 15930 is an atypical B. melaninogenicus subspecies melaninogenicus. Another significant feature of these results is that the B. asaccharolyticus strains (previously B. melaninogenicus subspecies asaccharolyticus) do not cross-react at all with either of the B. melaninogenicus subspecies investigated and therefore appear to be unrelated serologically.
TITRATION OF ABSORBED SERA
It was possible to distinguish most of the species with unabsorbed sera, but there could be some confusion between certain B. fragilis and B. thetaiotaomicron strains and between the subspecies of B. melaninogenicus. An attempt was made to remove Results showed that all cross-reactivity between B. fragilis and B. thetaiotaomicron could be removed by using absorbed sera, with no decrease in titre with homologous strains. Similarly, cross-reactivity between B. melaninogenicus ss. melaninogenicus and ss. intermedius could be removed by using absorbed sera (Table 2) , but this was accompanied by a decrease in the titre of the absorbed sera when compared with the unabsorbed sera for some of the strains belonging to the same subspecies. This suggests a sharing of some major antigenic determinants between some members of both subspecies. The species and subspecies investigated in this study have all been characterised by a variety of conventional biochemical tests and are therefore biotypes. , Evidence presented here shows that similar biotypes also possess similar immunogenic surface components. As strains that belong to the same species or subspecies tend to react to titre, it should be possible to use the EDTA-released outer membrane complex as an antigen in a converse study to titrate serum antibodies, either in patients with a possible bacteroides infection or in normal or compromised individuals. If selected carefully and possibly pooled, a few antigen preparations could cover a very broad range of Bacteroides species. These should prove more suitable than the antigens used previously (see Introduction) which include LPS, and undefined heated, formalinised, or disrupted whole cells.
During the preparation of the manuscript Elhag and Tabaqchali (1978b) 
